The discovery of changing-look active galactic nuclei (CL AGNs), with appearance and disappearance of broad emission lines and/or with strong variation of line-of-sight column density within a few years, challenges the AGN unification model. We explore the physical mechanisms based on the X-ray spectral evolution for a sample of 15 CL AGNs. We find that the X-ray photon index, Γ, and Eddington-scaled X-ray luminosity, L 2−10keV /L Edd , follow negative and positive correlations when L 2−10keV /L Edd is lower and higher than a critical value of ∼ 10 −3 . This different X-ray spectral evolution is roughly consistent with the prediction of the accretion-mode transition (e.g., clumpy cold gas or cold disk to advection dominated accretion flow, or vice visa). With quasi-simultaneous X-ray and optical spectrum observations within one year, we find that the CL AGNs observed with and without broad emission lines stay in the positive and negative part of the Γ − L 2−10keV /L Edd correlation respectively. Our result suggest that the change of the accretion mode may be the physical reason for the CL AGNs.
INTRODUCTION
Active galactic nuclei (AGNs) are believed to be powered by accretion of matter into a supermassive black hole (SMBH) that located at center of almost all massive galaxies. The AGNs are normally classified into Type I and Type II according to the width of the emission lines, where the Type I sources show both broad and narrow emission lines (BELs and NELs) while Type II sources only have narrow lines. The AGN unification models based on the orientation angle are widely accepted in last two decades, where the type I AGNs are viewed face-on so that the BELs near the central SMBHs can be observed directly, while the BELs in Type II AGNs are obscured by the putative parsec-scale torus if we are viewed edge-on (e.g., Urry & Padovani 1995) . Once the optical type classified, the AGN is normally not expected to change between two types in a human timescale. However, several changing-look AGNs (CL AGNs) were discovered in last two decades. It should be noted that the term 'changing look' was originally referred to X-ray observations of Compton-thick AGN becoming Compton-thin, and vice-versa (e.g., Ricci et al. 2016, and references therein) . In optical spectrum, some AGNs undergo dramatic variability of the continuum, emission line profiles, classification types (e.g., move from one spectral class to another within a couple of years), which is also called as CL AGNs. With more and more multi-band surveys, the number of CL AGN is growing rapidly in last few years (e.g., Tohline & Osterbrock 1976; McElroy et al. 2016; Yang et al. 2018; Guo et al. 2019; Trakhtenbrot et al. 2019) .
The physical mechanism for the strong variation of the line-of-sight column density from X-ray observations and type transition in optical spectrum is quite unclear, which is important for understanding the basic nature of AGNs. One scenario is that disappearing or emerging of BELs or the strong variation of the column density are ascribed to the variation of the clumpy torus, where the variable absorber moving in and out of the line of sight (e.g., Goodrich 1989) . The second scenario is that the change of column density and the AGN classification type are caused by the intrinsic changes of AGN central engines. The obscuration scenario should work in some CL AGNs based on the variation of the column density. However, some other CL AGNs cannot be explained by the obscuration scenario since that its intrinsic absorption is always low (e.g., Mrk 1018 , McElroy et al. 2016 and the low level of polarization in some CL AGNs (e.g., Hutsemékers et al. 2019 ). Furthermore, the strong variation of the infrared emission and the time-lag between the infrared and optical emission also suggest that dust reprocessing of central optical/X-ray emission (e.g., Sheng et al. 2017) . Noda & Done (2018) proposed that the CL AGNs are possibly triggered by the rapid drop or increase of accretion rate based on the broadband spectrum of a CL AGN (Mrk 1018) and it may be similar to the state transition in stellar-mass X-ray binaries (XRBs). To explain the 'time-scale problem' in CL AGNs, Sniegowska & Czerny (2019) proposed that the CL AGNs may be triggered by the radiation-pressure instability that occurred in a relatively narrow transition zone between the standard disk and optically thin advection dominated accretion flow (ADAF).
It is unclear that it is the same or not for the CL AGNs as defined from variations of column density and optical spectrum. Understanding the physics behind CL AGNs will play an important role in understanding the AGN physics and the life cycle of galaxies. In this work, we explore the physical mechanism of CL AGNs based on X-ray spectral evolution for a sample of CL AGNs, since that the X-ray emission is believed to come from the compact region near the black hole horizon and can shed light on the change of accretion or state. In particular, we also searched the optical spectrum information from the literatures, and define the quasi-simultaneous observation as that the X-ray and optical spectrum observations within one year. We will learn the information about the change of broad emission lines with the change of accretion that derived from the X-ray observations. The sample selection and data analysis are described in Section 2. In Section 3 & 4, we present and discuss the results. For this work, we adopt a cosmological model of Ω m = 0.32, Ω Λ = 0.68, and H 0 = 67 km s −1 Mpc −1 (Planck Collaboration et al. 2014 ) in this work.
SAMPLE AND DATA REDUCTION
We search the reported CL AGNs from literatures, where CL AGNs as defined from both variations of column density and change of the optical spectrum type are considered. To explore the possible evolution of the central engine of CL AGNs, we select the X-ray data for these CL AGNs from different X-ray telescopes. The archived data for both NuSTAR, XMM-Newton and Chandra are selected and reduced for four famous CL AGNs -Mrk 1018, NGC 3516, Mrk 590 and NGC 2992, where these sources suffer strong X-ray variations in last 20 years. We also reduced the NuSRAR archived data for another 8 CL AGNs. To investigate the statistical properties of CL AGNs, the X-ray photon indices of several other sources reduced from Suzaku, RXTE, Swift are also selected from the literatures. To understand the relation between the change of optical types of CL AGNs and the evolution of the central engine properties, we simply define the quasi-simultaneous data as that the X-ray and optical data are observed within one year. The CL AGNs are classified as BEL CL AGNs, NEL CL AGNs and uncertain-type CL AGNs according to the quasi-simultaneous optical spectrum with BELs, with only NELs or uncertain type due to no quasi-simultaneous optical spectrum observations. The selected sources as well as their BH mass, redshift are listed in Table  (1). 32 NuSTAR observations for 12 CL AGNs with the observation time longer than 10 kilo-seconds are selected. We reduce the data using the NuSTAR Data Analysis Software (nustardas v1.4.1), the CALDB version 20150316 and standard filtering criteria with the nupipeline task. The spectra are extracted by the nuproducts task with a circular region of 60 " at the peak of the source and 60 " radius circular background region away from the source. For spectral analysis, XSPEC (version 12.9.0) was adopted for the spectral fitting. An absorbed power-law component (POW), and a reflection component (PEXRAV) are adopted, where the gaussian iron K α line at 6.4 keV is added if it is necessary.
The XMM-Newton observations are obtained from the instruments as EPIC PN and MOS camera. For these observations, we reduce the data and extract the spectrum using the Science Analysis Software (SAS, version 18.0.0), where the source and background region is same as that used in NuSTAR. 30 observations for 5 sources observed by XMM-Newton from the archived data are selected. The data of both PN and MOS1/MOS2 are considered. In model fitting, the reflection component is neglected since it cannot be well constrained based on such narrow energy band. One observation of NGC 2992 (ID0147920301) is thought as pile-up data, whose spectra is extracted from an annular source region with 10 and 40 arcseconds as inner and outer radius.
Three sources with Chandra observations are also explored, which are reduced by Chandra data analysis software (i.e., CIAO, version 4.11) with the CALDB (version 4.8.4.1) as calibration file. The data from ACIS camera are adopted and chandra repro and specextract are used in our data reduction. Two observations(12868 and 4924) are considered as pile-up data, and an annular source region within 1 and 6 pixels as inner and outer radius are adopted in spectral analysis. Spectral fitting for these observations are similar to that of XMM-Newton as described above. The fitting parameters are listed in Table ( 2).
RESULTS
The relation between X-ray photon index, Γ, and the Eddington-scaled X-ray luminosity, L 2−10keV /L Edd for all CL AGN sample are shown in Figure 1 , where five single sources with multiple observations are plotted in each panel (Mrk 1018 , NGC 3516, Mrk 590, NGC 2992 and NGC 1365 and the sources with less observational data points are plotted together in the bottom-right panel. For Mrk 1018, the X-ray spectral index show strong evolution, where Γ and L 2−10keV /L Edd follow positive and negative correlations for L 2−10keV /L Edd >10 −3 and <10 −3 respectively. It is interesting to note that the CL AGNs with detected BELs (solid triangles) stay in the positive part while the NEL CL AGNs always exist in the negative part (open triangles). The open circles represent the uncertain type since that we didn't find the quasi-simultaneous optical spectrum observations for given X-ray observations. The top-right panel of Figure 1 shows the results for NGC 3516, where the spectral evolution is not simple as that found in Mrk 1018. The positive correlation between Γ and L 2−10keV /L Edd is evident, while the anti-correlation is not so strong which may be caused by the quite narrow distribution of Eddington ratios. However, BELs always present in the positive part (solid triangles), and the BEL is disappear in low-Eddington-ratio part (open triangles) with a critical Eddington ratio of ∼ 10 −3 . For Mrk 590, 8 data points roughly follow a positive Γ − L 2−10keV /L Edd correlation, where two points with L 2−10keV /L Edd <10 −3 follow a roughly negative correlation. It should be noted that NEL and BEL CL AGNs also have the Eddington-scaled X-ray luminosity lower and higher than 10 −3 respectively. It is roughly the similar case for NGC 2992, where the negative correlation is evident for the data points with L 2−10keV /L Edd <10 −3 . We also present the Γ − L 2−10keV /L Edd relation of NGC 1365, a CL AGN defined by variation of X-ray absorption column density, in bottom-left panel of Figure 1 . It can be found that there are negative and positive correlations between Γ and L 2−10keV /L Edd for L 2−10keV /L Edd >10 −3 and <10 −3 respectively, even there are only two observational points in the negative part. For other CL AGNs with quite limited X-ray observations, we present them in bottom-right panel of Figure 1 together, the negative and positive correlations also roughly exist with a critical Eddington ratio of L 2−10keV /L Edd ∼ 10 −3 , where some data observed with BELs also stay in the positive part of Γ − L 2−10keV /L Edd correlation. For the sample as a whole, we present the Γ − L 2−10keV /L Edd correlation in Figure 2 (the solid squares represent the average value for the given bin). It can found that the negative and positive still exist even for the whole sample, and they transit at L 2−10keV /L Edd ∼ 10 −3 .
In Figure 3 , we present the histogram of Eddington-scaled X-ray luminosity for the BEL, NEL and total CL AGNs in our sample. We can find that the BEL and NEL CL AGNs follow a bimodal distribution, where the Eddington ratio of the BEL CL AGNs is evidently higher than that of NEL sources. The whole sample also show the bimodal distribution with the critical Eddington-scaled X-ray luminosity ∼ 10 −3 .
CONCLUSION AND DISCUSSION
The CL AGNs challenge our understanding on the AGN unification. In aim to explore the physical mechanism behind the type transition and/or strong variation of column densities, we studied the X-ray properties for a sample of CL AGNs. We find that the X-ray spectral index are negatively and positively correlated with the Eddington-scaled 2-10 keV X-ray luminosity in both a single CL AGN and a sample of CL AGNs when the Eddington ratio is lower and higher than a critical value of ∼ 10 −3 , which suggest that the accretion mode is changed during the evolution of CL AGNs. The CL AGNs with BELs normally stay in the positive part of Γ − L 2−10keV /L Edd correlation, while CL AGNs with only NELs stay in the negative part. This result suggests that the accretion mode transition should be the physical reason for the changing look. The histogram distribution of L 2−10keV /L Edd show a bimodal distribution for BEL and NEL CL AGNs with a critical value of L 2−10keV /L Edd ∼ 10 −3 , which strengthen above conclusions.
The X-ray photon index is strongly correlated to the Eddington ratio in both X-ray binaries (XRBs) and AGNs, where the X-ray photon indices are negatively and positively correlated with the bolometric Eddington ratios when the Eddington ratio is lower and higher than a critical value of L bol /L Edd ∼ 10 −2 respectively (e.g., Wang et al. 2004; Yuan et al. 2007; Wu & Gu 2008; Trichas et al. 2013; Yang et al. 2015 , and references therein). The strong X-ray luminosity variations are found in many CL AGNs, and it is interesting to note that these CL AGNs follow the similar trends of negative and positive X-ray spectral evolution as that found in both XRBs and other AGN samples. By assuming the bolometric correction for 2-10 keV X-ray luminosity, k bol ∼ 10 − 30 (e.g., Marconi et al. 2004) , the critical bolometric Eddington ratio for CL AGNs is roughly similar to that constrained from other AGN sample and XRBs. Our data are selected from different X-ray satellites, and X-ray photon index may be affected a little bit since the different waveband data are adopted ( e.g., typical value of ∆Γ ∼ 0.2), which will not affect our main conclusion. Due to the X-ray luminosity is dominantly come from the accretion flows near the BH horizon, and, therefore, these negative and positive correlations should suggest the possible transition of the accretion mode. The negative correlation is roughly consistent with the prediction from the advection dominated accretion flow (ADAF), where the optical depth of ADAF for Comptonization increases as increasing of accretion rate which will lead to a harder X-ray spectrum (e.g., Gu & Cao 2008; Yuan, & Narayan 2014; Yang et al. 2015) . If the accretion rate is larger than a critical value, the cold clumps and/or even cold inner disk will be formed that embedded in the hot accretion flow if optical depth is larger or much larger than one in some places (e.g., Cao 2009; You et al. 2012; Qiao & Liu 2013; Yang et al. 2015) . If this is the case, it will greatly increase the radiative efficiency of accretion flow and more hot plasma will condense to the cold disk. This process will lead to a softer X-ray spectrum with the decrease of the coronal optical depth. Our results for the X-ray spectral evolution in the CL AGNs suggest that these sources should be suffered the accretion mode transition. The strong X-ray spectral evolution of CL AGNs is similar to that of XRBs, which is similar to the studies of the correlation between the UV-to-X-ray spectral index (e.g. Ruan et al. 2019; Ai et al. 2019) . The evolution of optical and X-ray observations also suggest the strong evolution of the disk and corona, where the optical emission mainly come from the cold standard disk in bright state. As shown in Figure 1 & 2, most BEL CL AGNs stay in the positive correlations while NLE CL AGNs stay in the negative part, which is consistent that as found in other AGNs where the BELs are found in bright Seyferts and QSOs while only weak or no BELs are found in nearby low-luminosity AGNs (e.g., Ho 2008) . In low-accretion-rate regime, the standard thin disk may transit to an ADAF at inner region, where the fainter continuum ultimately reduces the emission line intensity of the BLR since there is not enough photons to ionize the gas in the BEL region. Therefore, the BELs will become weaker or even disappear in low-luminosity AGNs. It should be noted that the weak and/or double-peak BELs are found in some low-luminosity AGNs, which suggest that the BELs may become weak but not fully disappear even in low-accretion-rate regime (see Ho 2008, for details) . It should be useful to test this issue in CL AGNs with only NELs with higher sensitivity spectral observations.
The type transition timescale of several CL AGNs is normally several years (e.g., Mrk 1018, NGC 1365 etc.), which is much shorter than the expectation of the flicker between type I and type II due to the orientation effect or the viscous timescale of the accretion disk (e.g., Noda & Done 2018) . To explain this short-time scale in SMBH systems, Sniegowska & Czerny (2019) proposed that the radiation-pressure instability operating in a narrow zone between the outer cold disk and an inner ADAF may be responsible for repeating outbursts in some CL AGN, where the outburst timescale is around a couple of years. If the transition radius of SSD and ADAF are small, the X-ray spectrum will also become softer as decrease of transition radius or increase of accretion rate, where the seed photons from outer SSD will become dominant if the transition radius is smaller than several tens gravitational radius. The detailed model calculations are needed to further test this model based on the X-ray spectral evolution. If the accretion rate is close some critical rate, the hot gas will be cooled down in some parts of the ADAF and form the cold clumps and then possibly further form a small cold disk in the inner region of ADAF (e.g., Qiao & Liu 2013; Yang et al. 2015) .
The significant variability of the line-of-sight column density as found in some CL AGNs based on X-ray observations, where such a variability has been discovered on time-scales from a few days down to a few hours (e.g., NGC 1365, etc.). Such short timescale also suggest that the absorbing material should be at much smaller region compared the conventional torus. We also explore the X-ray spectral evolution for NGC 1365, which is a CL AGN as defined based on the variation of the column density. It is interesting to note that the X-ray spectral evolution in NGC 1365 is also quite similar to other CL AGNs, where the negative and positive correlations Γ − L 2−10keV /L Edd are found when the Eddington-scale X-ray luminosity is less and larger than ∼ 10 −3 respectively. This result suggest that the accretion mode also changed in this X-ray defined CL AGN, and the variable absorbing material should be correlated with the evolution of the accretion mode. As discussed above, the clumpy cold gas or even cold disk may be formed when accretion rate is larger than a critical value. This clumpy cold gas can be serve as the cold absorbing gas if the inclination angle is close to plane of the cold clumpy gas. 
